The generalization of the Dorokhov-Mello-Pereyra-Kumar equation for the description of transport in strongly disordered systems replaces the symmetry parameter β by a new parameter γ, which decreases to zero when the disorder strength increases. We show numerically that although the value of γ strongly influences the statistical properties of transport parameters ∆ and of the energy level statistics, the form of their distributions always depends on the symmetry parameter β even in the limit of strong disorder. In particular, the probability distribution is p(∆) ∼ ∆ β when ∆ → 0 and p(∆) ∼ exp(−c∆ 2 ) in the limit ∆ → ∞. (DMPKE) for the description of electronic transport in disordered quasi-one-dimensional systems can be generalized to comprise also the strongly disordered case. They found that the main difference between the diffusive and localized regime is reflected in the spatial distribution of the electrons inside the sample. The DMPKE was derived under the assumption that the electron density is homogeneous. This assumption is valid in the limit of weak disorder (diffusive regime) and leads to universal behavior of the electron transport, which is determined by only three parameters: the ratio L z /ℓ of the system length L z to the mean free path ℓ, the number of scattering channels N , and the symmetry parameter β of the respective random matrix ensemble. The latter determines the statistical properties of the the model, for instance, the fluctuation of the conductance, var g ∼ β −1 . The derivation of the DMPKE is based on the following representation of the transfer matrix, 5 which describes the scattering of electrons coming from the left (right)
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(1) where λ is a N -dimensional real diagonal matrix and the structure of the matrices u is given by the physical symmetry. The diagonal elements λ a (a = 1, 2, . . . , N ) define the conductance of the system via the EconomouSoukoulis formula
The probability distribution p(λ) of parameters λ a is given by the DMPKE
The parameterization λ a = (cosh x a − 1)/2 introduces a new set of variables x a (x 1 < x 2 < . . .), which follows the Wigner-Dyson statistics. The probability distribution p(∆ a ) of the normalized differences ∆ a = (x a+1 − x a )/ x a+1 − x a is well described by the Wigner distribution
where for β = 1, 2, 4:
18 /3 6 π 3 , and B 4 = 64/9π, respectively. Several investigations showed [8] [9] [10] that the same function also describes the probability distribution p(s) of the energy level statistics in the diffusive regime. Here, s is the difference of consecutive energy eigenvalues s = |ε i+1 − ε i |/s divided by the mean level spacings.
In strongly disordered samples, the propagation of the electron is not diffusive. We cannot expect that all paths across the sample are equivalent. Mathematically, this leads to the re-formulation of the DMPKE into the more general form
where parameters K ab depend on the statistical properties of matrices u in Eq. (1). The explicit form of K ab is determined by the model symmetry. [11] [12] [13] The Jacobian J now have a form
Although Eq. (5) was derived only for orthogonal systems (β = 1), it can be shown to be valid also for β = 2 and β = 4. The conductance is still given by Eq. (2), it becomes implicitly a function of the spatial distribution of the electrons. The main difference between the DMPKE and its generalized version lies in the presence of the parameters γ ab in the Jacobian. Later work showed 12 that it is possible to approximate all γ ab by a single parameter γ. Similarly, the parameters K aa are substituted by a constant, which is of order of unity in the limit of strong disorder. It was argued 1 that γ → β in the diffusive regime but γ → 0 when the disorder increases. This assumption was confirmed, at least for the orthogonal symmetry, by numerical work.
12
If γ really decreased to zero, one would expect that the probability distribution of ∆ a and that of the level statistics should converge to the Poisson distribution
Such changes of the distributions due to the increase of the disorder are really observed both in the parameters ∆ a 14 and in the level statistics. In the latter case it has been used for the estimation of critical parameters of the metal-insulator transitions.
10,15-17
The role of γ and its relation to the symmetry parameter β still requires a more detailed discussion. Therefore, we investigate in this paper the shape of numerically obtained distributions p(ζ) in the limit of strong disorder. We show that, although γ indeed decreases to zero, both the distribution of ∆ = (x 2 − x 1 )/ x 2 − x 1 and the level statistics p(s) do depend on the symmetry parameter β. In particular, the small ζ behavior of these distributions is always given by
independently on the strength of the disorder. However, this power-law behavior is observed only in a very narrow range close to zero.
The systems to be investigated are defined on a 2D square lattice with lattice constant a l and described by a tight-binding lattice Hamiltonian with nearest-neighbor hopping terms
Here, σ = ±1/2 is the electron spin, r are the sites of the 2D lattice of size L 2 , ǫ r are the appertaining random onsite energies distributed according to the box probability P Box (ǫ r ) = (1/W )Θ(W/2 − |ǫ r |), and W measures the strength of the disorder. Periodic boundary conditions are applied in both directions. For the symplectic Ando model, t σσ ′ rr ′ is a 2 × 2 matrix with
and
Energies and lengths are measured in units of V and lattice constant a l , respectively. For E = 0 and V 1 = 0.5 the symplectic model exhibits a metalinsulator transition at a critical disorder W c ≈ 5.84.
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The limiting behavior of the distribution p(ζ) is better visible when the distribution of the logarithm of ζ, p(ln ζ), is studied instead. From the equation
we obtain that the the relation p(ζ) ∼ ζ β corresponds to Similarly, the large-ζ tail of the distribution can be analyzed from the function
with α = 2 and 1 for the Wigner and Poisson distribution, respectively. In the limit of strong disorder, x 1 ≫ 1, the typical conductance is given by the smallest parameter x 1 as g ≈ e −x1 . The parameter x 1 determines the localization length λ as x 1 = 2L/λ (L ≫ λ). Thanks to this relation, the transport properties of strongly disordered system can be understood from the numerical analysis of relatively small samples, provided that L ≫ λ.
We analyze statistical ensembles of N stat ∼ 10 8 square samples 19 (typical size is L = 14) and collect the statistical distribution of the normalized difference. The results are displayed in Figs. 1-4 for the 2D Ando model and for the 2D orthogonal model. Fig. 1 exhibits the distribution p(∆) for various strengths of the disorder. The data show that for small disorder (W = 2) the distribution is very similar to the Wigner surmise. Although the form of the distribution changes when disorder increases, the decrease p(∆) → 0 is noticeable even for W = 50. The small-∆ behavior of the distribution is better visible in Fig. 2 which plots the distribution p(ln ∆). Our numerical data for any disorder show that the distribution p(ln ∆) becomes parallel to the Wigner surmise for very small ∆. This proves that ln p(ln ∆) ∼ (β + 1) ln ∆ and, consequently, p(∆) ∼ ∆ β (Eq. (12)). However, the power-like behavior p(∆) ∼ ∆ β is observed only for a very small part of the statistical ensemble. ( Fig. 2) . The probability p to find a system with such a small value of ∆ decreases rapidly when the disorder increases: p ∼ 10 −3 (W = 10) but p ∼ 10 −6 for W = 20. According to single parameter scaling theory, 20 the same change of the distribution function is expected when the size L of the system increases while disorder is fixed.
Owing to the necessity to analyze huge statistical ensembles, we did not study the size dependence of p(∆) for the Ando model. However, we checked the Ldependence for 2D orthogonal systems (Fig. 3) . Again, the distribution p(ln ∆) follows Eq. (12) with β = 1 provided that ∆ is sufficiently small. Also, our data support the scaling idea: two distributions are similar if they correspond to systems with the same value of ln g . To estimate the large-∆ form of the distribution, we plot in Fig. 4 Our numerical data indicate that the generalized DMPKE fails to describe correctly the small-∆ behavior of p(∆). Contrary to the expected behavior p(∆) ∝ ∆ γ , we observe for any disorder that p(∆) ∝ ∆ β . This restriction influences the statistical properties of the conductance only weakly since samples with small ∆ represent only a very small part of the total statistical ensemble of the N stat samples. Also, as shown in Fig. 6 , samples with small ∆ possess a large value of the smallest exponent x 1 > x 1 , and consequently have also a small conductance. Therefore, their contribution to the conductance statistics is negligible. We expect that the GDMPKE gives a correct value of the mean ln g but its description of the small-g-tail of the distribution p(ln g) can eventually differ from numerical (experimental) data.
The aim of this paper was to verify that the physical symmetry of the model governs the small ζ behavior of the distribution p(ζ), where ζ denotes the normalized differences ∆ = x 2 − x 1 / x 2 − x 1 or, for the energy level statistics, the normalized difference of consecutive eigenvalues s = |ε i+1 − ε i |/s. This was done by a numerical study for the metallic and also in the strongly localized regime. Our results confirm that the generalized DMPK equation is not in contradiction with conclusions provided by random matrix theory.
We also showed that the distribution p(∆) never corresponds entirely to the Poisson distribution, although γ → 0. p(∆) is not universal in the strongly disordered limit since γ depends on the disorder. For small ∆ we found a distribution p(∆) ∼ ∆ β and in the limit of large ∆ it behaves as exp(−c∆ 2 ). This observation is also consistent with the generalized DMPK equation. The Poisson distribution indicates that the two parameters, x 1 and x 2 , are statistically independent. On the contrary, as discussed in previous work, 12,21 the statistical correlations survive for any disorder strength and are responsible for the non-Gaussian distribution of the logarithm of the conductance.
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